Dietary composition and presentation impacts on the behaviour of animals, and failure to provide a 18 suitable diet can lead to reduced welfare through the development of poor health, the inability to 19 express normal behaviours and the development of abnormal behaviours. This study assessed the 20 effects of two commonly fed pet rabbit diets (extruded nuggets with hay (EH) and muesli with hay 21 (MH)) alongside hay only (HO) and muesli only (MO) on the behaviour of 32 Dutch rabbits observed 22 over 17 months. Increased time spent feeding was observed in the groups fed ad libitum hay (HO, 23 EH, MH) compared to the MO group (P<0.05). A corresponding high level of inactivity was observed 24 in the MO group compared to rabbits receiving hay (P<0.05). In the groups provided with hay a 25 preference to consume hay in a natural grazing posture was observed. The higher activity levels and 26 absence of abnormal behaviours when hay was fed support recommendations that forage should 27 form a significant portion of the diet for domestic rabbits. 
Introduction 29
As herbivores, wild rabbits consume relatively large amounts of a high fibre diet of low nutritional 30 quality (Williams and Wells, 1974) . This requires them to apportion a large amount of their time 31 budget to grazing. Rabbits spend 30-70% of time outside the burrow grazing, pausing occasionally to 32 groom (Mykytowycz, 1958; Myers and Poole ,1961; Myers and Mykytowycz, 1958; Lockley, 1961) . 33
Time spent eating varies with age, sex and social status within the group and has also been shown 34 to increase when food availability falls during drought (Myers and Mykytowycz, 1958; Mykytowycz, 35 1958) . Grazing occurs mainly during late afternoon and throughout the night and daylight hours are 36 spent underground in warrens (Myers and Mykytowycz, 1958; Mykytowycz, 1958; Lockley, 1961; 37 Lockley, 1962) . Caecotrophy is performed while underground (Southern, 1942) . Domestic rabbits 38 kept in free range conditions exhibit a similar feeding pattern to their wild counterparts (Vastrade, 39 1987; Lehmann, 1991) . In contrast, many pet rabbits are housed in small hutches with Petfoods Limited, Ipswich, Suffolk, UK) (n=8). 118
Rabbits were gradually transitioned on to their respective new diets over a two week period (day -14 119 to day 0) to prevent digestive conditions associated with sudden dietary changes (Tzika et al. 2004) . 120
From day 0 to the end of the study, (day 510; 17 months), rabbits were only fed the diet of that 121
group. 122
The nutritional compositions of diets are shown in Pfizer Limited, Sandwich, UK) as recommended for pet rabbits at that age. 137
The rabbits continued on the four trial diets for 17 months (72 weeks). One pair of rabbits in the MO 138 group had to be separated in week 3 following the development of aggressive behaviour and are not 139 included in the analysis. 140
Data collection 141
Behavioural observations were performed over two 24 hour periods in week 8 (timepoint 1: T1) and 142 week 18 (timepoint 2: T2) of the trial diet period. A video recording using closed circuit television 143 (CCTV was made for 24 hours from 0900h. Daily food rations (concentrates and/or hay) and water 144 were provided prior to the start of recording, following which no one entered the room for the 24 145 hour period. Red light was used during the 12h dark period which was present for 28 days prior to 146 data collection to allow habituation. Recordings were carried out with WebCCTV NVR (Quadrox, 147 Herent, Belgium). An ethogram based on Gunn and Morton (1993) was developed following prior observation of the 157 rabbits and is detailed in Table 2 . In addition, assessment of proximity was made during each 158 instantaneous scan. Proximity was described as rabbits either separated by more than a third of the 159 pen (apart), in the same third of the pen without touching (near to each other) , or in direct physical 160 contact (together). 161
162

Statistical Analysis 163
Analysis of the data by behaviour group (Table 2) was performed on the total data set and also 164 separately on data from light and dark periods. Behaviours in the feeding category were also 165 analysed individually. The effects of sex on behavioural expression could not be assessed as it was 166 not possible to distinguish between individual rabbits. Statistical analysis was performed using R 167 software (v3.1.2 © 2014 The R Foundation for Statistical Computing and the R package lme4 v 1.1-7). 168
Overall percentages of time spent performing each behaviour when both time points were 169 considered together were analysed using generalised linear mixed-effect models with binomial 170 errors (glmeb) with Pen as the random effect. Glmeb models were also used to compare how hay 171 was consumed, and whether rabbits differed in how much they stayed physically closer together 172 between the 2 timepoints. When considering differences in behaviour between diet treatment9 groups at specific time points, general linear models with binomial errors (glmb) were utilised. 174
Tukey's post-hoc tests were carried out for both sets of models to assess pair-wise differences 175 between groups where overall differences were found. Pearson's correlation was used to examine 176 relationships between behaviours. P<0.05 was taken to indicate statistical significance and mean ± 177 standard errors are quoted throughout. Observations of maintenance behaviours were significantly higher in the MO group (T1:11.67% 217 ±1.47, T2:12.67% ±1.89) than in the HO group (T1:5% ±0.41, T2:6% ±1.35) at both timepoints 218 (P<0.001) and the EH group (T1:7% ±1.37, T2:9.75% ±2.14) at timepoint 1 (P=0.027). Throughout the study, rabbits from MH, HO and EH groups were observed pulling hay from the hay 237 rack using a digging motion with their front paws and subsequently consuming hay from the floor. 238
In addition, rabbits in the majority of pens also jumped into the hay rack to consume hay. 239
Over the whole study period (17 months), hair chewing was recorded in one rabbit within the MO 240 group and occurred in the period following the removal of its pen mate from the trial. Chewing of 241 objects in the pen was seen infrequently on the videos (0.14% of observations), however damage to 242 wooden fixtures within the pen as a result of chewing occurred in all groups over the whole study 243 period. Chewing of the rubber matting used as flooring was observed only in the MO group. In 244 addition to chewing the rubber matting, rabbits in the MO group were also often observed eating 245 the shavings provided as bedding over the duration of the entire 17 month trial. Increased levels of abnormal behaviours have been found in pigs that do not have a suitable 285 substrate for foraging (Spoolder et al. 1995) . This would indicate that the rabbits needed or craved a 286 higher fibre food source and is a behaviour also reported in horses fed on a low forage diet (Houpt et 287 al. 1988) . 288
289
The level of potential stereotypy and abnormal behaviour is lower in this study than that reported by 290
Gunn and Morton (1995) and this may reflect differences in the rabbit's husbandry. Rabbits in this 291 study were housed in pairs whereas rabbits studied previously were housed in social isolation which 292 increases expression of abnormal behaviours (Chu et al. 2004 ). The observations of Gunn and 293 
